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CLIPPING DEVICE WITH A NEGATIVE RESISTANCE 
Background Of The Invention 

1 . Field of the Invention 

The present invention relates to a device for protection against overvoltages. 

2. Discussion of the Related Art 

Conventionally, electronic circuits, for example integrated circuits, include a large 
number of inputs, and voltage peaks associated with overvoltages on the connection lines or 
with electrostatic discharges are likely to occur on each of these inputs. Thus, 
conventionally, as illustrated in Fig. 1, each of the sensitive inputs 2 of an integrated circuit 
1 is associated with a protection device 3, which is shown in Fig. 1 in the form of an 
avalanche diode. 

The sole case where a positive overvoltage is likely to occur on input 2 has been 
considered in Fig. 1. Conventionally, those skilled in the art will be able to provide systems 
enabling elimination of negative overvoltages. 

Further, apart from protection devices of clipping type such as avalanche diode 3 
illustrated in Fig. 1, there also exist breakover type devices in which, after an overvoltage, 
the voltage across the device drops to a value close to zero. An example of a breakover 
device is a Shockley diode. In practice, the user will choose to use a clipping device 
(avalanche diode) or a breakover device (Shockley diode) according to his needs and to the 
general circuit structure. Only clipping-type protection devices will be considered herein. 

Fig. 2 shows the current-voltage characteristic of a clipping device, for which 
breakdown voltage VBR is on the order of 17 volts. Components capable of conducting 
relatively high currents are considered. Curves between 1 and 4 amperes have been shown 
as an example. The ideal curve of a clipping device would be the curve shown in dotted 
lines under reference 10. In practice, a clipping component always has a certain positive 
dynamic resistance, and the phenomenon is enhanced for a given component when heating 
up. Thus, for example, a component having a breakdown voltage of 17 volts will see the 
clipping voltage thereacross, V CL , increase to for example 20 volts when the current flowing 
therethrough reaches four amperes. This increase of the actual voltage across clipping 
components is a significant disadvantage. Indeed, the component's breakdown voltage is 
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chosen while taking account of two limits. Voltage V BR must be greater than the maximum 
normal voltage likely to reach input terminal 2. On the other hand, it must be smaller than 
the voltages capable of damaging the components located behind input 2. In fact, in many 
cases, this margin is very reduced. Further, current standards require protection of certain 
5 circuits against particularly high overvoltages capable of conducting relatively intense 
currents in the protection device. It is thus important to avoid as much as possible that the 
voltage across the clipping component after its avalanching becomes greater than the chosen 
breakdown voltage V BR . 

A solution to reduce the difference between voltages VCL and VBR consists of 
10 increasing the diode surface. Indeed, a diode having a surface five times larger than another 
one will exhibit, for a given current, a difference V CL - V BR five times as small, but it will 
cost substantially five times as much. . . 



Summary Of The Invention 

15 An object of the present invention is to solve this problem. 

To achieve this and other objects, the present invention provides a clipping device 
intended for absorbing current peaks from 1 to 10 amperes, formed of a vertical NPN 
transistor having an unconnected base, an emitter connected to a terminal on which positive 
voltage peaks are likely to appear, and a grounded collector, the transistor parameters being 
20 set so that it exhibits a negative dynamic resistance. 

According to an embodiment of the present invention, the base resistance is smaller 
than 1500 ohms/square. 

According to an embodiment of the present invention, the relative arrangement of 
the emitter and of the base is such that the breakdown occurs in volume. 
25 According to an embodiment of the present invention, the emitter extends beyond 

the base and the emitter periphery is surrounded with a P-type region more lightly doped 
than the base. 

According to an embodiment of the present invention, the base extends beyond the 
emitter, the emitter periphery being formed of a lightly-doped N-type region, 
ao It should be noted that\it has already been provided to use an NPN transistor 

v ^ operating as a dipole, its base beinfc unconnected, and a positive voltage with respect to the 
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collector being applied to the emitter, for example in European patent application EP-A- 
0881693 (B3564) or in Japanese patent application 5561828 filed on November 1, 1978. 
Both of these applications areshereby incorporated by reference. However, these documents 
provide the use of such components as a voltage reference. There is thus in fact no relation 
with the envisaged applications. Indeed, a voltage reference is intended for exhibiting a very 
vertical characteristic, similar to characteristic 10 shown in Fig. 2, but only over a current 
range from a few microamperes to a few inilliamperes while the present invention relates to 
protection components that can conduct \urrents of several amperes. The transistors 
provided in the two mentioned documents would in fact have, for currents on the order of 
one ampere, a clipping characteristic with a positivfeuiynamic resistance. 

The foregoing objects, features and advantages of the present invention, will be 
discussed in detail in the following non-limiting description of specific embodiments in 
connection with the accompanying drawings. 



Brief Description Of The Drawings 

Fig. 1 shows the conventional use of a protection component; 

Fig. 2 shows the conventional characteristic of a clipping component; 

Fig. 3 A shows a simplified view of a clipping component; 

Fig. 3B symbolically shows a clipping component according to the present 
invention; 

Fig. 3C shows a simplified cross-section view of a clipping component according to 
the present invention; 

Figs. 4 A and 4B show alternative embodiments of a clipping component according 
to the present invention; 

Fig. 5 shows current-voltage characteristics of clipping components according to the 
present invention; 

Fig. 6 shows current- voltage characteristics of clipping components according to the 
present invention. 
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Detailed Description 

The present invention aims at forming a clipping component, the symbol of which 
corresponds to that shown in Fig. 3A 5 for which the voltage drop after breakdown VCL is 
very slightly greater than breakdown voltage VBR or even, preferably, is smaller than 
5 voltage VBR, without, however, falling back to zero as in the case of a breakover 
component. 

For this purpose, the present invention provides using a transistor with no base 
connection such as illustrated in Fig. 3B in specific conditions. This transistor is used in the 
direction opposite to the usual direction. The collector terminal of the transistor is grounded 

10 and corresponds to the anode of the avalanche diode and the emitter terminal of the 
transistor is connected to a point that receives a positive high voltage pulse and corresponds 
to the cathode of the avalanche diode. Thus, an NPN transistor structure such as very 
schematically shown in Fig. 3C will be used, which includes an N-type substrate 21 
corresponding to the transistor collector and which includes on its rear surface side an 

15 overdoped region 21, forming one piece with a metallization Ml. On the upper surface side 
are formed a P-type base layer 23 and an N-type emitter layer 24 forming one piece with a 
metallization M2. Metallization Ml is normally connected to ground and metallization M2 
is connected to a terminal to be protected, which is likely to receive a positive overvoltage. 

Preferably, to further a volume breakdown of the emitter-base junction, a structure 

20 such as shown in Fig. 4A or 4B will be chosen. Indeed, experiments have shown that the 
component according to the present invention provides satisfactory effects only if a volume 
breakdown of the emitter-base junction can be guaranteed. 

In the embodiment of Fig. 4A, emitter layer 24 completely covers base layer 23 and 
the peripheries of the base and emitter regions are surrounded with a lightly-doped P-type 

25 region 26. 

In the case of Fig. 4B, base region 23 greatly extends beyond emitter region 24 and 
the periphery of this emitter region is surrounded with a lightly-doped N-type ring 27. 

The arrangements of Figs. 4A and 4B are known to further a volume breakdown of 
the emitter-base junction and are likely to have various alternatives. For example, P region 
30 26 in Fig. 4A or base region 23 in Fig. 4B may extend to the component periphery if the 
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shown component is a specific component and not a portion of a monolithic component 
including several elementary components, among which that shown in Figs. 4 A or 4B. 

According*) another aspect of the present invention, the doping of the intrinsic base 
region, that is, of the\portion of P-type region 23 located under emitter region 24, must be 
5 chosen within a predetermined range. In particular, it is advocated to choose an intrinsic 
base region having a doping r^yel under 1500 ohms/square. 

Fig. 5 illustrates the result of simulations performed by the applicant on structures of 
the type of that in Fig. 3C: 

- for a resistance of an intrinsic base, or more exactly of a base pinched under the 
10 emitter, on the order of 1500 ohms/square, the curve designated by reference 31 has been 

obtained; that is, during the presence of the pulse, the current in the transistor would rise to 
a value slightly greater than four amperes to vertically reduce; during the current increase 
phase, the voltage across the transistor. Instead of increasing as in the case of a 
conventional clipping device, the characteristic of which is shown in Fig. 2, the voltage 
15 across the device of the present invention decreases to reach a value on the order of 1 1 .5 V; 
at the end of the pulse, the voltage decrease is substantially vertical; in other words, the 
current- voltage characteristic exhibits a negative dynamic resistance; 

- with the same configuration, for a resistance per square of the intrinsic base region 
on the order of 2200 ohms/square, a positive dynamic resistance illustrated by curve 33, 

20 which is very similar to curve 12 of Fig. 2, has been obtained. 

It should be noted that in all these curves, the initial portion, for very low current 
values, under 100 milliamperes, is not shown and thus the characteristics of reference diodes 
shown in the above-mentioned patent applications do not appear in these curves. Besides, 
these characteristics do not seem to be obtained herein, since in the above-mentioned patent 

25 applications, the base resistance is much higher. 

Further, it should be clear that if the number of squares occupied by the component 
is increased, the resistance thereof will decrease and the component power consumption is 
further reduced. For example, in Fig. 6, curve 41 corresponds to a transistor according to the 
present invention having a pinched base resistance on the order of 600 ohms/square. It 

30 should be noted that the negative resistance area is left as soon as the current flowing 
through the transistor reaches a value on the order of 1 ampere. Conversely, for a 140- 
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square long transistor, the corresponding curve will be curve 42 in which the resistance 
remains negative until a current value greater than 4 amperes is reached. The current range 
in which the negative dynamic resistance effect is maintained can thus be set by an adequate 
sizing: the more the number of squares is increased, the more the current range in which the 
5 negative dynamic effect is maintained is increased. 

Of course, the present invention is likely to have various alterations, modifications, 
and improvements which will readily occur to those skilled in the art. Such alterations, 
modifications, and improvements are intended to be part of this disclosure, and are intended 
to be within the spirit and the scope of the present invention. Accordingly, the foregoing 
10 description is by way of example only and is not intended to be limiting. The present 
invention is limited only as defined in the following claims and the equivalents thereto. 



What is claimed is: 




